INTRODUCTION
Limited proteolysis is a post-translational modification required for the release of bioactive peptide hormones and neuropeptides from larger, inactive polypeptide precursors [1, 2] . Within the precursor, peptides are usually flanked by pairs of basic residues or, less commonly, by single arginine residues [1] or non-basic residues [3] . These events mostly begin in the Golgi apparatus [4, 5] and continue into the secretory vesicles [6] , but also may modulate hormone levels extracellularly [7, 8] .
The endoproteases responsible for this processing in mammals are known as convertases or maturases, and a family of such enzymes related to the yeast KEX2 gene product [9, 10] , a subtilisin-like serine protease, has been isolated. These proteases are very specific, cleaving only at certain dibasic sites on the Cterminal side of an arginine residue. To date, seven such enzymes have been identified (for reviews, see [3, 11] ). Some of these enzymes are generally localized and are involved in processing of constitutively secreted proproteins, whereas others have a restricted distribution, such as the testis-specific convertase PC4 [12] .
N-Arginine dibasic convertase (NRD-C ; nardilysin, EC 3.4.24.61) is a 140 kDa metalloendopeptidase, originally purified from rat testis and brain, which cleaves a number of neuroendocrine peptides in itro, including dynorphin A, atrial nariuretic factor and somatostatin-28, on the N-terminal side of an arginine residue at the dibasic processing site [13] . Despite the identification of several in itro substrates for the enzyme, its function in i o remains unknown.
Abbreviations used : NRD-C, NRD (N-arginine dibasic) convertase; DMEM, Dulbecco's modified Eagle's medium; FBS, foetal-bovine serum; DTT, dithiothreitol; 5h-UTR, 5h-untranslated region; RACE, rapid amplification of cDNA ends; SV40, simian virus 40. 1 To whom correspondence should be addressed (e-mail a.pierotti!gcal.ac.uk).
The sequences of the rat and human NRD-C promoters have been submitted to the EMBL, GenBank2, DDBJ and GSDB Nucleotide Sequence Databases under the accession numbers AJ000349 and AJ000350 respectively.
deletions to 411 bp upstream of the transcriptional start site in spermatid, prostate and pituitary cell lines. Further deletion to 101 bp causes a complete loss of activity in spermatid and prostate lines. By contrast, GH3 pituitary cells display no reduction in promoter activity with deletion to 101 bp of upstream sequence. A number of transcription-factor binding sites have been identified by electrophoretic-mobility-shift assays in the region 411-101 ; however, no differences in binding between the cell lines were observed.
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NRD-C activity is present in predominantly endocrine tissues, including brain, pituitary and adrenal, but it is highly abundant in the testis, with activity levels ten times higher than that of the brain cortex [13] . Immunofluorescence studies in the testis show that the enzyme is localized within the seminiferous tubules, distributed in the immature round spermatids and, to a greater extent, in the more mature elongating spermatids [14] . In-situhybridization studies show NRD-C mRNA is present in all round and elongating spermatids, whereas no enzyme can be detected in spermatogonia and spermatocytes [14] . A study of the subcellular localization in elongated spermatids showed that most of the enzyme was found associated with the microtubular structures of the axoneme and the manchette [15] . There is evidence to suggest that NRD-C activity within the brain is localized to the secretory vesicles [16] , and it has been shown to be associated with secretory-granule membranes in rat brain cortex and hypothalamus [17] .
Rat, human and mouse cDNA sequences encoding NRD-C have been isolated [14, [18] [19] [20] , and the deduced amino acid sequences have revealed that the enzyme is part of a large family of metalloendopeptidases -the M16 family (using the nomenclature of Rawlings and Barrett [21, 22] ). Many of the enzymes in this family have been implicated in prohormone or proprotein processing events.
Insulin-degrading enzyme (insulysin, EC 3.4.24.56) is involved in the degradation of a number of peptide hormones [23] [24] [25] [26] [27] [28] [29] . It has been implicated as having a processing function with the discovery that it is identical with γ-endorphin-generating enzyme [30] , which converts β-endorphin to γ-endorphin. Like NRD-C, insulysin is also present at elevated levels in the testis [31] . The closely related human metalloendoprotease-1 cleaves a prodynorphin-derived peptide, leumorphin, on the N-terminus of a single arginine resdiue in i o [32] and is thought to play a broad role in general cellular regulation. Also related to NRD-C are mitochondrial processing peptidases and AxlIp, a yeast protein shown to be involved in pro-α-factor maturation [33] . The fact that several members of the protease family to which NRD-C belongs are involved in maturation of precursors or subsequent modification of bioactive peptides clearly strengthens the hypothesis that NRD-C is a processing enzyme.
Currently, little is known about the regulation of either the activity or expression of NRD-C. An unusual feature of NRD-C is the presence of a stretch of acidic amino acids, 71-residues long in the rat sequence region, which is absent from every other member of the family [14] . It has been proposed that this acidic stretch might be a target for polyamines, which have been shown to inhibit the binding of rat, mouse and human NRD-C to its substrates and to control the activity of the enzyme [18, 34] . It has been reported that expression of the enzyme is modulated by retinoic acid in human neuroblastoma cell lines and that this retinoic acid-responsiveness might be mediated by a retinoic acid-responsive element within the promoter of the NRD-C gene [35] . The purpose of the present study was to investigate the mechanism whereby NRD-C expression is regulated at the transcriptional level.
We have cloned and sequenced the 5h upstream region of both the human and rat NRD-C genes. Computer analysis shows that the two sequences are well conserved and contain many potential regulatory-element binding sites. Using luciferase reporter technology we have shown that the rat NRD-C 5h upstream region drives high levels of luciferase expression in pituitary and prostate cell lines shown to contain NRD-C protein. 5h Deletions of the rat promoter indicate that the gene is differentially regulated in these two cell lines. Electrophoreticmobility-shift analysis on a number of potential regulatoryelement binding sites confirms that nuclear proteins extracted from these cell lines can bind to the NRD-C promoter.
MATERIALS AND METHODS

PCR amplification of genomic DNA upstream of the human and rat NRD-C gene coding region
The region of genomic DNA upstream of the coding region of the human and rat NRD-C genes was amplified using rat and human GenomeWalker kits from Clontech (Basingstoke, Hants., U.K.). The rat NRD-C promoter was amplified using the genespecific primers rPF1 (5h-AAAGACTGCACCAACCGCGAC-TCTC-3h) and rPF2 (5h-GCATTCACCAGCAAGTCGTAGC-GCTGGACA-3h) based on the rat cDNA sequence [14] . Since the sequence of the human orthologue had not at that time been published, sequence information for the design of the humanspecific NRD-C PCR primers hPF1 (5h-GATGTATCGGTAT-TGCTTGG-3h) and hPF2 (5h-GGAGACTTGACGATCTCA-GG-3h) was obtained from an EST (expressed sequence tag) clone (GenBank accession no. T25336) with a high level of similarity (77.8 %) to the rat cDNA sequence. These oligonucleotides were used to amplify the human NRD-C promoter.
Primary PCR reactions were carried out according to the manufacturer's instructions using a mixture of Tth DNA polymerase (Amersham Pharmacia Biotech) and Vent DNA polymerase (New England Biolabs) at a Tth\Vent ratio of 20 : 1. A 1\5000th portion of the primary PCR reaction mixture was used in a secondary PCR reaction with the same conditions as the primary reaction using a nested primer pair.
Cloning and sequencing of PCR products
PCR products were ligated into a TA cloning vector ( pTAG ; R & D Systems, Abingdon, Oxon., U.K.). Resulting ligations were used to transform DH5α cells, and individual clones were sequenced using the Sequenase version 2.0 DNA Sequencing Kit (Amersham Pharmacia Biotech) to check the identity of the insert. To allow sequencing of the entire insert, a series of 5h deletions was made of each clone using the Erase-a-Base system from Promega. Sequencing of these deletions was carried out using the ABI PRISM Dye Terminator Cycle Sequencing Ready Reaction Kit (Perkin-Elmer) in conjunction with an ABI 373 Automated Sequencer. Inserts were sequenced on both strands. The plasmids containing the rat and human NRD-C promoter fragments were named pRNRD and pHNRD respectively.
Computer analysis of sequences
The human and rat NRD-C 5h upstream sequences were aligned using the program ALIGN [36] . Potential regulatory sequences were identified using MatInspector version 2.2 [37] . CpG islands were identified using XGRAIL [38] .
5h-Rapid-amplification-of-cDNA-ends (5h-RACE) analysis
RNA was isolated from rat brain cortex and rat testis using TRI reagent as recommended by the supplier (Sigma). Human whole brain and testis RNA was purchased from Clontech. 5h-RACE analysis was performed using the Life Technologies (Paisley, Renfrewshire, Scotland, U.K.) system according to the manufacturer's instructions. First-strand cDNA synthesis was carried out using 1 µg of RNA and rGSP1(5h-GCATTTCCTGTTTT-ACCCTCC-3h) or hPF1. The cDNA was dC-tailed and PCRamplified using 5h-RACE Anchor Primer (Life Technologies) and either rGSP2 (5h-ATCAAAAGAGCCTGCAAGCC-3h) or hPF2. PCR products were gel-purified, ligated into a TA cloning vector and sequenced using the T7 Sequenase version 2.0 DNA Sequencing Kit (Amersham Pharmacia Biotech).
Cloning of the rat NRD-C 5h upstream sequence into luciferase reporter vectors
The rat NRD-C promoter region was cloned between the MluI and XmaI sites of the pGL3-basic vector as follows : pRNRD was digested with MluI and BstZI to produce a promoter fragment of 1446 bp. The BstZI ' sticky end ' was partially filled in with dGTP in a Klenow DNA polymerase reaction to leave an overhang of two G residues. The plasmid pGL3-basic was digested with PspAI, phenol\chloroform-extracted and ethanolprecipitated. The ends were partially filled in with dCTP in a Klenow DNA polymerase reaction to leave an overhang of two C residues. After digestion with MluI, the plasmid was ligated to the promoter fragment, generating the construct pRPb-1376 which was confirmed by sequencing.
Construction of deletion mutants of the rat NRD-C promoter
pRPb-1376 was digested with an appropriate enzyme (NheI, BstXI, Afl II or P uII) plus MluI. The restriction fragment containing the pGL3-basic vector was gel-purified and treated with Klenow DNA polymerase. After re-ligation, the 5h end of the insert was sequenced to confirm its identity. These clones were named according to the length of the remaining promoter fragment : pRPb-1049, pRPb-550, pRPb-411 and pRPb-101. Transcriptional regulation of NRD convertase
Cell culture
Cell lines were obtained from the American Type Culture Collection or the European Collection of Cell Cultures. All media and supplements were obtained from Life Technologies. Cells were grown at 37 mC in an atmosphere of 5 % CO # . COS-1 cells were grown in Dulbecco's modified Eagle's medium (DMEM), Mat-Lu cells were grown in RPMI 1640\250 nM dexamethasone, GH3 cells were grown in Ham's F10, and GC2spd(ts) cells were grown in DMEM\1mM non-essential amino acids. In addition, all media contained 10 % (v\v) fetal-bovine serum (FBS), 100 units\ml penicillin, 100 mg\ml streptomycin and 2 mM -glutamine.
Transfection assays
Cells were plated on to a 96-well plate at a density of 10& cells\ml. The day after plating the cells were transfected using Tfx-20 reagent at a Tfx-20\DNA ratio of 24 : 1 as described by the supplier (Promega). Each construct was transfected six times. Each well contained 150 ng of test plasmid, 15 ng of pRL-CMV plasmid (Promega) in a total volume of 40 µl of serum-free medium. After a 2 h incubation, this mixture was replaced with medium and cells were grown for a further 48 h. Expression of firefly and Renilla luciferases was determined using the Dual Luciferase Assay System (Promega) in a MLX Microplate Luminometer (Dynex Technologies, Ashford, Kent, U.K.), which expresses luminesence in terms of relative light units.
Preparation of nuclear protein extracts
Nuclear proteins were extracted from cultured cells as follows. Growing cells (10') were trypsin-treated and centrifuged at 1000 g for 5 min. The pellet was gently resuspended in 500 µl of ice-cold extraction buffer [10 mM Hepes ( pH 7.9)\10 mM KCl\1.5 mM MgCl # \0.5 mM dithiothreitol (DTT)\0.4 mM PMSF] and incubated on ice for 15 min. A 30 µl portion of Nonidet P40 was added and the material vortex-mixed for 10 s. This was microcentrifuged at 12 000 g for 30 s, and the pellet was resuspended in 50 µl of extraction buffer containing 420 mM NaCl and 0.1 % Nonidet P40. This mixture was incubated at 4 mC for 20 min. Debris was removed with a 5 min centrifugation at 12 000 g, and the supernatant, containing nuclear extract, was snap-frozen in liquid nitrogen and stored at k70 mC. Protein concentration was determined using the Bradford [39] assay.
Electrophoretic-mobility-shift assays
Double-stranded oligonucleotides were made by mixing 8.75 pmol of two complemetary single-stranded oligonucleotides in 60 mM NaCl. This was heated to 65 mC for 2 min and cooled to room temperature over 1 h and then 5h end-labelled with [γ-$#P]ATP (10 mCi\ml ; 5000 Ci\mmol ; Amersham Pharmacia Biotech) using T4 polynucleotide kinase. Binding reactions were carried out in a volume of 20 µl at 4 mC and contained 20 mM Hepes, pH 7.9, 20 % (v\v) glycerol, 0.5 mM DTT, 1 mM MgCl # and 40 000 c.p.m. of labelled oligonucleotide. Those binding reaction mixtures that contained nuclear extract (2.5 µg) also contained 1 µg of poly(dI-dC)[poly(dI-dC) DNA (Amersham Pharmacia Biotech). Some reaction mixtures also contained a 10-fold molar excess of unlabelled double-stranded oligonucleotide, and those were preincubated for 30 min at 4 mC before addition of the labelled oligonucleotide. After addition of probe, the binding reactions were allowed to proceed for 30 min. Reaction mixtures were then run on a 5 %-polyacrylamide gel in 0.5iTBE
Oligonucleotides
The oligonucleotides used were as follows : rPF1, 5h-AAAGAC-TGCACCAACCGCGACTCTC-3h ; rPF2, 5h-GCATTCACCA-GCAAGTCGTAGCGCTGGACA-3h ; hPF1, 5h-GATGTATC-GGTATTGCTTGG-3h ; hPF2, 5h-GGAGACTTGACGATCT-CAGG-3h ; rGSP1, 5h-GCATTTCCTGTTTTACCCTCC-3h ; rGSP2, 5h-ATCAAAAGAGCCTGCAAGCC-3h ; Oct1, 5h-CC-ACTGGGGAATATTTTCTCA-3h ; IK-2, 5h-AAACTTCTCC-CGTCGTCCT-3h ; SP1, 5h-CTTCGCCCCGCCCACGTCAG3h ; C\EBP, 5h-TCAGTTTTCGAAATGCTCTC-3h ; NFY, 5h-
RESULTS
Cloning and sequencing of the human and rat NRD-C 5h upstream regions and identification of their transcriptional start sites
Using primer sets for rat and human NRD-C, a total of 1526 bp of genomic DNA upstream of the translational start codon of the rat NRD-C gene and 1493 bp of genomic DNA (including 316 bp downstream of the start codon) from human was amplified using a ' gene-walking ' strategy. The sequences of these 5h upstream regions are shown in Figure 1 .
To identify the site of initiation of transcription of the rat and human NRD-C genes, 5h-RACE was performed on RNA from brain and testes. PCR products obtained from this experiment were cloned into a TA vector, and multiple individual colonies were sequenced. An analysis of the 5h ends of the clones is shown in Figure 2 . It can be seen that although the gene initiates transcription from multiple sites, a major transcription start site can be identified. This major start site is conserved between rat and human, and in each species there appears to be no significant difference in transcriptional start site between brain and testis. The start site is 150 bp upstream of the putative translational initiation codon in the rat NRD-C gene and 114 bp upstream of the putative translational initiation codon in the human NRD-C gene. For both species all of the 5h-RACE clones end within a 30 bp region.
Computer analysis of the rat and human NRD-C promoters
The two sequences, upstream of their putative translation start codons, were aligned using the sequence-alignment program ALIGN [36] . The complete human upstream sequence aligns with the rat sequence from k1074 in the rat sequence and k1058 in the human sequence to the start codon. The region upstream of the major transcription start site can be divided into two sections on the basis of how well conserved they are. The most 5h section of the human promoter (k1058 to k670) aligns with the rat promoter from k1074 to k642 and is 50.1 % identical. The 3h section, from k641 to k1 in the rat and k669 to k1 in the human, is better conserved, being 62.1 % identical. The alignment of this section can be seen in Figure 3 . The 5h-untranslated region (5h-UTR) is extremely well conserved, except for a 29 bp region in the rat 5h-UTR (from j80 to j108) that is not present in the human 5h-UTR. When the 29 bp section is ignored, the identity of the two 5h-UTRs is 81.8 %. The promoter sequences were analysed for potential transcription-factor binding sites using MatInspector version 2.2 [37] . Potential binding
Figure 1 Promoter sequences of rat and human NRD-Cs
Rat (A) and human (B) NRD-C 5h upstream sequences are shown. Putative start codons are shown in bold, the major transcriptional start site determined by 5h-RACE is double underlined. Numbers on the right indicate the position in the GenomeWalker clones pRNRD and pHNRD. Numbers on the left indicate the position relative to the transcription start site which is numbered j1. CpG islands are found in each sequence (boxed).
sites were identified in the same location in both sequences for a number of transcription factors and are shown in Figure 3 . Several potential transcription-factor binding sites were also found in both species which are not conserved. Studies were concentrated on conserved sequence stretches, since these are more likely to have significant function. A CpG island was identified in both the rat and human NRD-C promoter using the program XGRAIL [38] and shown in Figure 1 . Transcriptional regulation of NRD convertase 
The rat NRD-C 5h upstream region is a highly efficient promoter in GH3 and Mat-Lu cells
In order to functionally characterize the NRD-C 5h upstream region, the rat sequence was cloned into a firefly luciferase reporter vector ( pGL3-basic : Promega) and the resulting construct named pRPb-1376. This was transfected into four cell lines, GH3 (ECACCF 87012603), a rat cell line derived from a pituitary tumour, Mat-Lu (ECACCF 94102735), a rat cell line derived from a dorsal prostate adenocarcinoma, GC-2spd(ts) (ATCCF CRL-2196), a mouse cell line derived from spermatocytes and COS-1 (ECACCF 88031701) which were subsequently assayed for luciferase activity. Compared with that of pGL3-control, a vector containing the simian-virus-40 (SV40) promoter and enhancer, high levels of expression from pRPb-1376 can be seen in GH3 and Mat-Lu cells and very low levels in GC-2spd(ts) and COS-1 cells (Figure 4 ). This correlates well with the NRD-C content of these cell lines determined by Western blotting (results not shown).
Using unique restriction-enzyme sites within the rat NRD-C promoter, a series of 5h deletions were constructed, containing NRD-C promoter sequence 1049 bp, 550 bp, 411 bp and 101 bp upstream of the transcriptional start site respectively. Figure 5 shows the effects of these gross 5h deletions on expression from the rat NRD-C promoter. On removal of the section of the promoter 5h to nucleotide k1049 in GH3 cells, expression significantly increases approximately twofold and remains at this level with deletion of nucleotides to k101 without any significant changes. In Mat-Lu cells, high expression levels equal to that of the full-length promoter are seen when sequence 5h of nucleotide k411 is removed, without any significant changes. Further removal of nucleotides up to k101 reduces expression fivefold, to a level approximately half that of the pGL3-control plasmid. In GC-2spd(ts) cells expression was very low, the full-length promoter producing less than 25 % of the expression level of the pGL3-control plasmid, but significantly greater than the pGL3-basic plasmid (P 0.05). No significant change in expression levels can be seen on deletion of sequence upstream of nucleotide k411. On further deletion up to k101, expression decreases to a level close to, and not significantly different from, that of the pGL3-basic plasmid. In COS-1 cells, expression of the full-length NRD-C promoter is extremely low compared with the pGL3-control plasmid (less than 1 %), due in part to abnormally high expression of the control vector. Despite this, expression from the full-length promoter is low in absolute terms compared with that in other cell lines. No significant difference in expression is observed on deletion of sequence 5h to nucleotide k550. However, deletion of sequence to nucleotide k411 causes a significant twofold increase in expression compared with the full-length promoter. Further deletion to nucleotide k101 decreases the expression tenfold to a level similar to that of pGL3-basic plasmid.
Nuclear proteins bind to conserved motifs in the NRD-C promoter
Since the results of the transfection assays above suggest that the k411 to k101 region of the rat NRD-C promoter plays a crucial role in determining cell-type-specific expression, the possibility that transcription factors bind to specific sequences within this region was investigated. Computer analysis (Figure 3 ) predicts several conserved potential transcription-factor binding sites within this region. To determine whether any of these sequences are targets for nuclear proteins, electrophoretic-mobility-shift assays were performed on double-stranded oligonucleotides corresponding to these sites, using nuclear protein extract from GH3 and Mat-Lu cells.
The results of this analysis are summarized in Figure 6a . Of the five potential binding sites, only three, SP-1, C\EBP and NF-Y, show a reproducible shift in mobility which can be blocked by addition of an excess of the corresponding unlabelled oligonucleotide. No difference was observed in the binding pattern of the two nuclear extracts. The extended conserved region immediately 3h to the putative IK-2 binding site (k246\k227) was examined for its ability to bind nuclear proteins. Both GH3 and Mat-Lu nuclear extract produced a strong shift in mobility when the oligonucleotide N V #%*/ V ##' was used (Figure 6b ). This can be successfully competed for by an excess of non-radioactively labelled oligonucleotide or by N V #$'/ V ##" , which contains the conserved 3h portion, but not the IK-2 consensus. The oligonucleotide corresponding to the putative IK-2 site, which does not show a mobility shift (Figure 6a ) was unable to compete for binding. N V #$'/ V ##" was able to produce a shift with the same mobility as N V #%*/ V ##' (results not shown).
Figure 3 Sequence comparison of rat and human NRD convertase promoters
The Figure shows alignment of the rat (top) and human (bottom) NRD-C sequences upstream of the putative start codon, which is underlined. Numbering is relative to the major transcription start site identified by 5h-RACE, which is numbered j1 (bold and underlined). Potential transcription-factor binding sites identified in both sequences based on the results from MatInspector are boxed, with the core of the site in bold. Scores are given for core similarity and matrix similarity (core/matrix). An arrow shows the orientation of the potential binding site relative to the consensus in the TRANSFAC Database. The cleavage site used to produce deletions in the rat sequence for luciferase constructs are numbered and indicated with a downward arrow ( ).
DISCUSSION
Sequencing of the NRD-C promoter and 5h-UTR reveals that they are well conserved between rat and human. With the exception of an extra 29 bp segment in the rat sequence, the 5h-UTR of the NRD-C gene is 81.1 % identical, almost as well conserved as the coding region of NRD-C, which has 87.7 % identity in nucleotide sequence between the two species. This suggests that this sequence might be involved in regulating expression of this protein, either at the level of transcription, or, more probably, at the level of translation. Both the rat and human 5h-UTRs are extremely GjC-rich (71 and 64 % respectively), which makes formation of secondary structures in mRNA more likely. It has been speculated that sequences that form stable secondary structures inhibit translation by providing a barrier to ribosomes [40] . The region around the transcriptional start site is also very well conserved. In a region of 26 bp around the start site (k15 to j11), there is only one nucleotide difference between the human and rat sequences. It is possible that this conservation is due to specific binding of a component of the basal transcription machinery. Neither a TATAA box, nor sequence resembling a TATAA box, are present in the NRD-C promoter in the region one might be expected. However, a sequence very similar to a consensus for initiator elements as defined by Kollmar and Farnham [41] can be found overlapping the major transcriptional start site of the
Figure 5 Effect of deletions in the NRD-C promoter upon luciferase expression in four cell lines
The Figure shows luciferase expression from the NRD-C promoter/firefly luciferase constructs in GH3, Mat-Lu, GC-2spd(ts) and COS-1 cells determined by transient transfection followed by luciferase assay. The Renilla-luciferase-expressing plasmid pRL-CMV was co-transfected at a 1 : 10 (Renilla/test plasmid) ratio. Bars represent the meanspS.E.M. for six separate assays and are expressed as the ratio firefly luciferse/Renilla luciferase. Comparisons were made using unpaired two-tailed t-tests with significance set at P 0.05. Asterisks indicate where expression is significantly different to pRPb-1376 expression. The x-axis (firefly luciferase/Renilla luciferase ratio) has been scaled appropriately to reflect the differing levels of expression seen in the four cell lines. NRD-C gene. In common with most other promoters that lack a TATA box, initiation of transcription in the NRD-C gene occurs at a number of different positions. According to the 5h-RACE data, the NRD-C gene initiates transcription imprecisely in a region spanning approx. 30 bp, and the location and spacing of initiation is conserved between the two species. In both species there appear to be no significant differences between the brain and testis in terms of transcriptional initiation site, despite the fact that, in both rat and human testes, the mRNA levels are the highest for all tissues examined ( [14, 19] ; A. G. Winter and A. R. Pierotti, unpublished work). This is in contrast with many genes which are up-regulated or which have variants in the testis. For example, the angiotensin-converting-enzyme gene [42] , the carbonic anhydrase II gene [43] and the Drosophila dihydro-orotate dehydrogenase gene [44] all use alternative testis-specific promoters.
Although a number of potential binding sites for transcription factors have been predicted, there are no consensus sequences for spermatid specific factors such as Tet-1 [45] and Zfy-1 [46] in this region of the promoter. Germ-cell-specific regulation may be in a region of the promoter further upstream of that investigated. mRNA stability may also play a role in maintaining the high levels of expression seen in this tissue. Additionally, no retinoic acid regulatory elements, which Draoui et al. suggested may have been present [35] , are predicted.
Four cell lines were chosen in which to examine the NRD-C promoter\luciferase constructs. As a model for germ-cell expression, the GC-2spd(ts) line, one of the few germ-cell lines available, was chosen. Human prostate expresses high levels of NRD-C mRNA (A. G. Winter and A. R. Pierotti, unpublished work), suggesting the use of the Mat-Lu prostate line. GH3 pituitary cells have previously been shown to contain high levels of NRD-C mRNA [20] . As a cell line in which low levels of expression would be expected, COS-1 cells were chosen [20] .
The pRPb-1376 plasmid expresses luciferase at approximately equal levels in Mat-Lu and GH3 cells. This expression level is very high if compared with that of the pGL3-control plasmid (2.5-3.5-fold greater) in which luciferase expression is driven by the SV40 promoter and enhancer, which is known to give strong expression in many cell types. The expression from pGL3-control is approximately equal in the four cell lines tested (firefly\Renilla $ 0.5), except for COS-1, in which the expression level is artificially elevated due to replication of the plasmid by action of large T antigen on the SV40 origin of replication in the SV40 promoter. Expression of pRPb-1376 in GC-2spd(ts) and COS-1 cells is very low. Given the low levels of expression observed in GC-2spd(ts) cells, this line may not be the ideal model in which to study germ-cell expression of NRD-C.
Expression from the NRD-C promoter increases twofold on removal of nucleotides k1376 to k1049 in GH3 cells, but not in other cell lines, suggesting that, in GH3 cells, full transcription from the NRD-C promoter is repressed by a cis-acting element within the k1376\k1049 region. Further removal of nucleotides from k1049 to k411 does not significantly change expression in any cell line. Removal of nucleotides from k411 to k101 massively reduces expression in Mat-Lu cells and nearly abolishes expression in COS-1 and GC-2spd(ts). However, this does not affect expression in GH3 cells in which it is still at a maximum. Although maximal expression levels from the NRD-C promoter is much less in GC-2spd(ts) cells and COS-1 cells than in Mat-Lu cells, these three cell lines have similar expression patterns on deletion from the 5h end of the promoter. GH3 cells have a qualitative difference in expression, retaining maximal levels on removal of nucleotides up to k101. This makes it likely that the all the cis-elements required for assembly of the general transcription complex in all cell types are located downstream of k101. It also suggests that the elements required for GH3-cellspecific up-regulation are located within this region. For full expression in Mat-Lu, GC-2spd(ts) and COS-1 cells, (a) ciselement(s) is (are) required within nucleotides k411 to k101.
The section of the rat NRD-C promoter from k411 to k101 was targeted for further study in order to determine which factors are involved in the difference in expression between MatLu and GH3 cells. This section contains short stretches of 100 % identity between the rat and human promoters, which correspond to potential transcription-factor binding sites for Oct-1, IK-2, SP1, C\EBP and NF-Y. Binding studies were performed to determine if any of these sequences are targets for transcription factors. Additional stretches of 100 % identity in this region, for which no potential transcription-factor binding sites were predicted, may also be important functional features of this promoter. The sequence N V #%*/
V ##' was also tested for its ability to bind nuclear proteins.
The mobility-shift-assay experiments demonstrate that nuclear proteins from both GH3 and Mat-Lu cells bind to the predicted SP1, C\EBP and NF-Y sites, suggesting that these transcription factors might be important for expression of NRD-C in the cell lines tested. Supershift experiments using antibodies against these proteins will be necessary to determine if these are the transcription factors that bind to these sites. Nuclear protein binding to the conserved sequence N V #%*/ V ##' shows that there are also transcription-factor binding sites within this region that are not predicted by MatInspector. These binding studies do not reveal any cell-line-specific differences that might account for the expression pattern seen in the reporter-gene assay. An additional series of deletion constructs and further analysis of protein binding by mobility-shift and DNAse 1-footprinting analysis will pinpoint this difference.
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